The koala biovar of Chlamydia pneumoniae was identified in lung tissue from a sick, free-ranging giant barred frog (Mixophyes iteratus) by using electron microscopy, C. pneumoniae-specific fluorescent-antibody staining, cell culture, and sequencing of the ompA, ompB and 16S rRNA genes. This is the first report of a chlamydial strain infecting both a homeotherm and a poikilotherm and only the fourth host (in addition to humans, koalas, and horses) to be naturally infected with this species of Chlamydia. The frog had severe, chronic, mononuclear pneumonia and nonregenerative anemia and pancytopenia.
Chlamydia species are important pathogens infecting birds, humans, and a wide variety of other mammals (6, 18) . Until 1988, there were only two species recognized in the genus, Chlamydia trachomatis and Chlamydia psittaci. In 1988, members of the TWAR group, formerly C. psittaci, were assigned to the new species Chlamydia pneumoniae (2) , and then in 1992, the ruminant strains of C. psittaci were assigned to the fourth chlamydial species, Chlamydia pecorum (4) . Members of the species C. pneumoniae are recognized as important human pathogens causing respiratory infections which may be asymptomatic or result in sinusitis, bronchitis, or pneumonia (7) . In addition, they have recently been linked to coronary heart disease (1, 20) . Apart from humans, the only other hosts naturally infected by C. pneumoniae are koalas (6, 24) and horses (based on a single report [22] ).
Chlamydia infections have been reported previously in captive amphibians, causing moderate to high mortality rates in various species, including African clawed frogs (Xenopus laevis) in the United States (10, 17, 26) , eyelash leaf frogs (Ceratobatrachus guentheri) in Canada (9) , and Bufo maculatum and a Pachytriton sp. in Germany (16) . There have also been a few case reports of Chlamydia infections in captive and wild reptiles (8, 12, 13) . In all cases, however, the chlamydial species was either unknown or assumed to be C. psittaci. Here we report the first isolation of Chlamydia from a frog in Australia and demonstrate that it is identical to the C. pneumoniae strain that infects koalas.
A male, 60-g, giant barred frog (Mixophyes iteratus) with a snout-to-vent length of 7.8 cm, free-ranging in the Orara East State forest, New South Wales, was observed to be behaving abnormally, i.e., sitting unprotected during the day and in a lethargic state. At the laboratory the next day, the frog was found to be in poor nutritional condition and moribund and died soon after arrival. Hematological analysis of heparinized blood collected just before death revealed nonregenerative anemia (packed cell volume [PCV] ϭ 18%) and a low total protein level (15 g/liter). The aspartate aminotransferase level was greatly increased, to 6,080 U/liter. The total white cell count was very low (0.36 ϫ 10 9 /liter), and examination of a Giemsa-stained blood smear showed that 85% of the leukocytes were large lymphocytes or monocytes that were difficult to differentiate. No neutrophils were detected. During postmortem, organ samples were collected into 10% buffered neutral formalin, dehydrated, and embedded in paraffin wax or were frozen at Ϫ80°C for bacterial and chlamydial culture. Upon gross examination, the lungs were thickened and did not fully collapse after sectioning, and the spleen appeared small. Six-micrometer-thick histological sections were cut and stained with hematoxylin and eosin (H&E), Gram stain, or Perl's stain (3). On histological examination, the spleen and bone marrow were found to be depleted of hemopoietic cells, although no cause of the immunosuppression was apparent. Severe chronic mononuclear pneumonia with marked thickening of the septae due to the inflammation was present, and the airspaces contained masses of free monocytes, lymphocytes, erythrocytes, and plasma cells (Fig. 1 ). Many mononuclear cells had swollen cytoplasms with fine basophilic stippling (Fig.  2) . A large proportion of renal tubular epithelial cells contained round intracytoplasmic deposits of light brown pigment which did not stain for iron with Perl's stain.
For electron microscopy, formalin-fixed lung tissue was postfixed in 2.5% glutaraldehyde and then 1% osmium tetroxide, dehydrated, embedded in Spurr's resin, sectioned at 70 nm, stained with lead citrate and uranyl acetate, and examined with a Hitachi 7000 transmission electron microscope. Typical chlamydial particles were frequently observed within membranebound inclusions in the cytoplasm of mononuclear inflammatory cells ( (Fig. 4) . The round elementary bodies had eccentric nuclei and a narrow or nonexistent periplasmic space. Mitochondria were not associated with the inclusion membrane. These ultrastructural characteristics are consistent with those of C. pneumoniae (14) .
Cultures of bacteria from frozen lung, liver, and kidney samples were attempted on horse blood agar and MacConkey agar incubated at 37°C. A heavy growth of Flavobacterium species was obtained from lung sample cultures, and a much lighter growth was observed on cultures of bacteria from kidney and liver samples.
The presence of a Chlamydia sp. in lung tissue was initially confirmed by a strong reaction with the genus-specific Clearview lipopolysaccharide (LPS) antigen detection assay (Oxoid). The chlamydial species was identified as C. pneumoniae by positive staining of an impression smear with the Cellabs (Sydney, Australia) Chlamydia-TWAR fluorescent monoclonal antibody. C. pneumoniae was subsequently cultured from the frozen lung tissue in HEp-2 cells by using the polyethylene glycol pretreatment method (23) . Infection levels were observed to be high in this cell line (with more than 75% of cells containing inclusions) when stained with either genus-specific (Cellabs Chlamydia-LPS monoclonal) or C. pneumoniae species-specific (Cellabs Chlamydia-TWAR monoclonal) antibodies. The genus, species, and biovar designations of the frog isolate were confirmed by sequence analysis of the chlamydial 16S rRNA gene (235-bp fragment, positions 566 to 801) (19) , the ompB gene (392-bp fragment) (25) , and the ompA gene (279-bp fragment, variable domain 4 region) (24) . The 16S rRNA gene sequence of the frog isolate was identical to both the horse N16 and koala strain sequences but was different by one nucleotide from the sequence of human strain TW-183. ompB sequence analysis indicated that the frog isolate was identical to the koala biovar of C. pneumoniae but its sequence was different by two nucleotides from that of the horse N16 isolate and by four nucleotides from that of human strain TW-183. ompA variable domain 4 sequence analysis indicated that the frog isolate was again identical to the koala biovar of C. pneumoniae but its sequence differed by 25 nucleotides from that of the horse N16 isolate and by 5 nucleotides from that of human strain TW-183.
This case report is significant not only for our understanding of frog diseases but also for expanding the range of hosts infected with C. pneumoniae. We suspect that the Chlamydia infection in the frog in this study was an opportunistic infection, secondary to immunosuppression of unknown cause. Previous reports of outbreaks of Chlamydia infection in captive amphibians have involved a number of animals, usually with fulminant, multisystemic infections, which is in contrast to the chronic pathology present in the free-ranging giant barred frog of the present study, where lesions were confined to the lung. C. pneumoniae in the other hosts that it infects, namely, humans, horses, and koalas, also usually causes respiratory disease. This might suggest that this species has a tropism for epithelial cells lining the respiratory tract. The human strains of C. pneumoniae have also recently been shown to be able to infect and grow in both peripheral blood and alveolar macrophages (15) as well as vascular endothelium and arterial smooth muscle cells (1) .
The finding that the sequence of this frog isolate is identical to that of the koala biovar of C. pneumoniae raises interesting questions. We are confident that the gene analysis is reliable and does not represent laboratory cross-contamination. At this stage, however, we are unsure of the source of infection, although the Orara East State forest where the frog was found contains a significant population of koalas and reports indicate that C. pneumoniae infection is common in most Australian koala populations (11, 24) . Mixophyes iteratus is a grounddwelling fossorial frog with opportunity to come into indirect contact with koalas, who regularly walk on the ground to move between food trees. Despite recent investigations into diseases of wild amphibians in Australia (21), Chlamydia strains have not been identified previously in native frogs or introduced cane toads, although specific chlamydial tests for asymptomatic carriers were not done. Several studies have reported the very high genetic similarity of human C. pneumoniae strains (5) and also the clonality of koala C. pneumoniae strains (24), suggesting a possible recent divergence of these biovars. It is possible that the infection of a wild frog described in this report was an isolated incident, or alternatively, increased testing may show that amphibians are commonly infected with C. pneumoniae and that they are a natural reservoir for this species.
Nucleotide sequence accession numbers. The ompA variable domain 4, ompB, and 16S rRNA gene sequences have been deposited in the GenBank database under accession no. AF102830, AF102831, and AF102832, respectively.
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